Objective: Metabolic abnormalities, including impairment of glucose homeostasis, have been well characterized in HIV-infected patients. In contrast to adults, insulin resistance and diabetes mellitus appear to be relatively uncommon finding in youth. Design: We assessed insulin resistance, and associated risk factors, in a population of vertically HIV-infected children and young adults, when compared with a control population of healthy children. Methods: At the time of enrolment, weeks of pregnancy, birth weight, sex, age, weight, height, body mass index (BMI), pubertal stages, CDC classification, blood pressure, clinical lipodystrophy, hepatitis B or C co-infection, antiretroviral therapy, CD4 T lymphocyte counts, and HIV-RNA levels were recorded. Fasting plasma glucose and insulin levels and homeostatic model assessment-insulin resistance (HOMA-IR) were determined. These parameters were compared between HIV patients and healthy controls with multivariate analyses. Results: Fasting insulin levels (ORZ1.21, P!0.001) and glycemia (ORZ0.89, P!0.001) were significantly different between HIV-infected patients and controls. Antiretroviral therapy duration (rZ0.281, P!0.05), triglyceride levels (rZ0.286, P!0.05), age (rZ0.299, P!0.05), and BMI SDS (rZ0.485, P!0.001) were significant predictor variables of insulin resistance, expressed as HOMA-IR. Moreover, clinical lipodystrophy seems to be strongly correlated to glycemia (P!0.05), triglyceride levels (P!0.05), serum insulin levels (P!0.001), HOMA-IR (P!0.05), and also with therapy duration (P!0.05). Conclusions: Both HIV infection and antiretroviral therapy demonstrate differential effects on glucose metabolism in HIV-infected children. Targeted prevention of insulin resistance and diabetes mellitus in HIV-infected children and young adults is needed in order to avoid the associated long-term complications that would otherwise occur, given the improvement in life expectancy of HIV-infected individuals.
Introduction
Disorders of glucose metabolism ranging from reduction in insulin sensitivity to impaired glucose tolerance (IGT) and diabetes mellitus has recently been recognized in HIV-infected patients (1) (2) (3) (4) . The condition appears to be multifactorial in cause, involving adverse effects of antiretroviral medications and HIV-related viral and immunologic factors, as well as genetic influences, physical inactivity, and diet (5, 6) .
Metabolic abnormalities, including IGT, dyslipidemia, and alterations in body fat distribution, have not been characterized in children to the same extent as in adults (1) . In contrast to adults, insulin resistance (IR) and diabetes mellitus appear to be relatively uncommon in children (2) (3) (4) . The standard technique for assessment of insulin sensitivity is the hyperinsulinemic-euglycemic clamp, which is often combined with the hyperglycemic clamp to determine the adequacy of compensatory b-cell hypersensitivity (7, 8) . Several fasting or 'homeostatic' models have been proposed as non-invasive measurement techniques for insulin sensitivity, with a relatively good correlation with clamp techniques (9) (10) (11) . The homeostatic model assessment-IR (HOMA-IR), fasting glucose/insulin ratio (FGIR), and quantitative insulin sensitivity check index (QUICKI) methods have been most frequently used in clinical investigations (12) . As a measure of IR among childhood, HOMA-IR has been used more often than QUICKI and FGIR, although the pediatric cutoff is unclear (12) (13) (14) (15) . The aim of the present study was to assess IR, and risk factors associated, in a population of vertically HIV-infected children and young adults, when compared with a control population of healthy children.
Subjects and methods

Patient sample
All vertically HIV-infected children followed by the Infectious Diseases Clinic, San Martino Hospital, University of Genoa, Italy were included in the study. No patient had a family history of diabetes or IGT. At the time of enrolment, the following parameters were recorded: weeks of pregnancy, body weight at birth (kg), sex, age (years), weight (kg), height (cm), body mass index (BMI, calculated as weight (kg) divided by the height (m 2 )), BMI standard delta score units (SDS), and pubertal stage according to Tanner classification and blood pressure (mmHg). BMI was calculated and expressed as a continuous variable in SDS, determined as the difference between the individual observed value and the reference mean for age and sex, divided by the corresponding S.D. In this way, the modifications of BMI according to age and sex can be taken into account.
Presence of hepatitis B or C co-infection (based on serological examination and RNA or DNA viral blood levels) as added risk factors for IR, CDC classification, and detailed histories of antiretroviral therapy were also recorded (16, 17) . Fasting plasma glucose (FPG, mg/dl) and fasting plasma insulin (FPI, mU/ml) levels were measured from serum samples. FPI was measured using an immunoradiometric method. The FGIR ratio was calculated and HOMA-IR was determined as (FPI (mU/ml) ! FPG (mmol/l))/22. 
Controls
For comparison, 138 unrelated normal-weight and normal-height children (84 males and 54 females, aged 3-19 years, median 11G3.8), belonged to the same geographic area, were recruited as controls. They consulted the Gaslini Institute for presumed diseases (fever) and were found to be normal. All parents gave written informed consent; the study was approved by the local ethics committee.
Statistical analyses
HIV-infected case and healthy control characteristics were compared using a univariate and a multivariate logistic regression analysis with HIV status as the dependent variable; the multivariate model included age, sex, pubertal state, BMI SDS score, FPG, and FPI. The relationships between IR and clinical characteristics of HIV-infected cases were evaluated by correlating HOMA-IR index with baseline characteristics of HIV patients, using the Pearson correlation coefficient, at univariate analysis and a multiple linear regression for the multivariate analysis.
Results
The demographic and clinical data at baseline for HIVinfected patients and controls are shown in Table 1 . All patients and controls were Caucasian. The majority of HIV patients were antiretroviral experienced and, according to the definitions given previously, lipodystrophy was observed in 33% (16 out of 48) of the children: lipoatrophy 8%, lipohypertrophy 6%, and mixed pattern 19%; 14.6% No mother received any kind of prophylaxis during pregnancy. FPG was normal in all HIVinfected subjects, ranging from 50 to 91 mg/dl, while hyperinsulinemia (normal values 2-25 mU/ml) was found in 29 out of 48 (60.4%) HIV-infected subjects. FGIR lower than 7, usually considered as a cutoff value for IR (12) , was present in 26 out of 48 (52%) HIV-infected children and 19 out of 138 (16%) healthy children respectively. As shown in Table 2 , there were no significant differences in sex, pubertal stage, and BMI SDS, between HIV patients and controls, while age was significantly higher in cases (ORZ1.11, PZ0.01) than in controls. FPG was significantly lower in HIV-infected patients than in control (ORZ0.88, P!0.001), while FPI was significantly higher in HIV-infected patients than in controls (ORZ1.19, P!0.001). After multiple regression analysis, adjusting for age, pubertal status, sex, and BMI SDS score, FPG (ORZ0.89, P!0.001) and FPI (ORZ1.21, P!0.001) remained significantly different in HIV case and healthy controls. In HIV-infected children, therapy duration (rZ0.281, PZ0.05), TG (rZ0.286, PZ0.049), age (rZ0.299, PZ0.039), and BMI SDS (rZ0.485, P!0.001) were significantly correlated with IR; HOMA-IR was also significantly different between those patients presenting (median 3. 
Discussion
Although IR has been widely reported to occur among HIV-infected patients, this condition has not been well characterized in HIV-infected children and adolescents. The results of previous pediatric studies suggest that IR is relatively uncommon in HIV-infected children receiving antiretroviral therapy (3, 4, 19) . In these studies, IR diagnosis is based on elevated fasting Including patients who had stopped it for !6 months before the start of the study. Similar results, as regards HOMA-IR, are also reported in other small studies, but when evaluation was repeated after a 2-year interval, HOMA-IR values in HIV-infected group surprisingly decreased and were no longer different from healthy controls (20) .
It has been suggested that several factors may contribute to the risk of developing IR in these subjects, including type and duration of antiretroviral agents, severity and duration of HIV infection, undetectable viral load, age, weight, BMI, HCV infection, and lipid abnormalities (21) , but the small sample size of the pediatric studies have limited power to detect factors related to impairment of glucose homeostasis.
In our study, IR was not associated with type and duration of HAART, N(t)RTI (particularly didanosine and stavudine), and use or duration of PIs (particularly lopinavir/ritonavir and nelfinavir). Although many pediatric studies failed to demonstrate an association of FPI or HOMA-IR with PIs therapy (3, 22) , it has been fairly well established that PIs are linked with pathogenesis of IR in HIV-infected adults and the same processes are occurring in children, but are less apparent clinically. As recently reported by Bitnun et al. (23) only stimulated insulin sensitivity (derived from the frequent sampling i.v. glucose-tolerance test) has allowed detection of early disturbances in glucose homeostasis in children treated with PIs. Furthermore, it should be taken into account that each PI differs in its ability to induce IR: the present study was based on a small number of HIV-infected children and young adults, and patients were not randomly assigned to receive different types of therapy or PIs. Thus, it is lacking in statistical power to demonstrate an association between PI use and IR.
We found a clear correlation between IR and duration of antiretroviral treatment: this result agrees with several studies and shows that time of exposure to antiretrovirals is an important associated risk factor to the development of HIV-related metabolic abnormalities (24, 25) . IR may not only arise after longer therapy duration, but it may also be a simple illness and/or agerelated effect: all patients of the present study were vertically HIV-infected and started on antiretroviral therapy at early ages.
The recent follow-up study by Beregszaszi et al. (24) . showing a doubling of the number of HIV-infected children with IR after 2 years of prospective observation, seems to confirm that reduced insulin sensitivity may develop progressively with increasing age and puberty. Pubertal development is considered a critical period for IR, since during puberty a transition to a less insulin-sensitive state occurs mediated, at least partly, by hormonal changes (26, 27) .
As expected, our patients, presented with clinical lipodystrophy, had, higher FPI and HOMA-IR and also therapy duration. This may suggest that increased visceral fat storage with a deposit pattern leading to lipodystrophy with central fat accumulation in the abdomen/posterior neck is a predicting factor for IR. Sanchez Torres et al. (28) have recognized different clinical patterns of fat redistribution in HIV-infected children with lipohypertrophy, characterized mainly by abdominal fat accumulation, being the commonest pattern found in children and probably the first phase of a progressive process of fat redistribution leading to lipoatrophy.
As a part of this process, dyslipidemia with hypertriglyceridemia, with or without hypercholesterolemia (and elevated LDL fractions), and peripheral IR are frequently reported. We found significant associations between FPI, HOMA-IR, and TG, but no significant association with CHO and LDL fraction. It has to be pointed out that a large proportion of subjects in our series showed hypercholesterolemia without hypertriglyceridemia and IR; moreover, metabolically TG are more closely related to glucose homeostasis than cholesterol.
In contrast with previous data showing a higher risk of IR in HCV co-infected patients, in our patients both HCV and HBV co-infections were not correlated with IR (29) .
Finally, some limitations in this cross-sectional study have to be recognized: first the sample size and therapeutic heterogeneity of the patients are limited; secondly, the majority of patients in the study were postpubertal, and this would make them metabolically more like adults than prepubertal children. The differences in results of this paper and those of other pediatric studies may, at least in part, be related to this; and thirdly, lipodystrophy was evaluated subjectively by general clinical appearance rather than objectively using dual-energy X-ray absorptiometry and/or magnetic resonance imaging, or skinfold thickness or biometrical impedance measurements.
In conclusion, although the natural history of HIVrelated metabolic changes are still poorly known, they may be considered as progressive processes, related to HIV infection, antiretroviral therapy, and probably individual or genetic predisposing factors. In this context, early recognition and management of IR become an important aspect of long-term health maintenance for HIV-infected children and young adults. In addition, we would focus on the use of FPI and HOMA-IR as measures of utility in routine clinical care, while we think that clamp technology and i.v. glucose tolerance testing, because of their complexity, are less clinically relevant but more useful in research.
